Abstract. Solvent-free, one-pot synthesis of polyhdroquinoline and 1,8-dioxodecahydroacridine derivatives have been described via Hantzsch condensation of various aldehydes, ammonium acetate with (i) cyclic 1,3-dicarbonyl compounds and ethyl acetoacetate and (ii) cyclic 1,3-dicarbonyl compounds (2 mmoles) in a very simple, efficient, and environmentally benign method using 1,3-(dibromo or dichloro)-5,5-dimethylhydantoin as a cheap, non-toxic and neutral catalyst with up to excellent yields.
Introduction
The development of multi-component reactions (MCRs) designed to produce elaborate biologically active compounds has become an important area of research in organic, combinatorial, and medicinal chemistry [1] . One-pot multicomponent reaction strategies offer significant advantages over conventional lineartype syntheses by virtue of their convergence, productivity, facile execution and high yields [2] .
The development of new methods for the synthesis of 4-substituted 1,4-dihydropyridine (DHP) is an important area of synthetic research because of the broad spectrum of their biological and pharmaceutical properties such as antidiabetic, hepatoprotective, vasodilator, geroprotective, antiatherosclerotic, bronchodilator, and antitumor [3] . Cardiovascular agents such as nifedipine, nicardipine, amlodipin and other related derivatives are dihydropyridyl compounds, which are effective for the treatment of hypertensive [4] (Fig. 1) .
Current studies reveal that 1,4 dihydropyridine exhibits several medicinal applications which include neuroprotectant [5] , platelet antiaggregatory activity [6] , cerebral antischemic activity in treatment of alzheimer's diasease [7] , and chemosensitizer acting in tumor therapy [8] . In addition, the dihydropyridines unit has been widely employed as a hydride source for reductive amination [9] .
In recent years, much attention has been directed towards the synthesis of 4-substituted 1,4-dihydropyridine compounds. In 1882, Arthur Hantzch reported first synthesis of substituted 1,4-dihydropyridines by one-pot condensation of ethylacetoacetate, aldehyde and ammonia. The reaction was conducted in acetic acid or in refluxing ethanol [10] . However, these methods suffer from drawbacks such as long reaction time, the use of a large quantity of volatile organic solvents, harsh refluxing conditions and lower yields. Thus, chemists have developed several alternative and more efficient methods for the synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridine derivatives which include the use of microwave irradiation [11] , HClO 4 .SiO 2 [12] , molecular iodine [13] One-Pot Synthesis of 1,8-Dioxodecahydroacridines and Polyhydroquinoline using 1,3-Di (bromo or chloro)-5,5-Dimethylhydantoin 291 lar thermal energy [29] , carbon-based solid acid (CBSA) [30] , ZnO [31] , HCM-41 [32] and fluoro alcohols (TFE or HFIP) [33] . But some of those methods still have their own limitations in terms of yields, long reaction time, acidic or basic catalysis, tedious or difficult work-up, anhydrous organic solvents. In some cases, catalysts are expensive and harmful to environment. Thus, the development of a simple and efficient method for the synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridine derivatives is an active area of research and there is scope for further improvement involving milder reactions and higher product yield.
Results and Discussion
N-Halo compounds are versatile reagents and have been employed as potentially reactive intermediates that are widely used in organic synthesis. The exploitation of reagents for developing new synthetic methods is an art and constitutes a challenging process in organic chemistry. Consequently, considerable efforts have been made over the years to find newer reagents, which can minimize the drawbacks of those presently in use [34] .
In recent years, 1,3-dihalo-5,5-dimethylhydantoin (DBH: I and DCH: II, Fig. 2 ) have been used as catalysts in organic synthesis [35] . Because these compounds are relatively nontoxic, easy to handle, low cost, green and possess good stability. 1,3-dihalo-5,5-dimethylhydantoin (I and II) have been known for many years as efficient substitutes for classic halogenating agents such as: N-chlorosuccinimide (NCS) [36] , N-bromosuccinimide (NBS) and N-bromoacetamid (NBA) [37] .
Organic synthesis in the absence of a solvent is a powerful tool for the generation of structurally diverse molecules. Solvent-free reactions often have special selectivity, are easy to set-up and work-up which are faster, These features have aroused great interest [38] . These aspects, coupled with the lower overall costs of running a reaction without solvent and no specially needed equipment, could become a decisive factor in industry. As a part of our interest in the development of heterocycle-based compounds [39] and also, in continuation of our work on applications of DBH [40], we first examined the catalytic role of DBH and DCH in synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridine derivatives via multi-component condensation of aldehydes, ammonium acetate with (i) 1,3-cyclic compound (dimedone or 1,3-cyclohexanediones) and ethyl acetoacetate (ii) 2 moles of 1,3-cyclic compound (dimedone or 1,3-cyclohexanediones), respectively, in the presence of catalytic amounts of DBH or DCH under solvent-free condition at 130 °C (Scheme 1).
First, to investigate the feasibility of this synthetic methodology for polyhydroquinoline derivatives, the reaction was carried out simply by mixing 4-chlorobenzaldehyde (1b, 1 mmol), dimedone (2, 1 mmol), ethyl acetoacetate (3, 1 mmol), and ammonium acetate (1.2 mmol) under solvent-free condition in the presence of 10 mol% of DBH. The mixture was stirred at 130 °C for 30 min and corresponding product was obtained in 94 % yield. Encouraged by this result, we have changed the amount of DBH and temperature of the reaction. The results are summarized in Table 1 .
An increase in the quantity of DBH from 5 mol% to 10 mol% not only decreased the reaction time from 180 min to 30 min, but also increased the product yield slightly from 82 to 94 (entry 1, 2). Although the use of 15 mol% of DBH permitted the reaction time to decrease to 25 min, the yield unexpectedly decreased to 52% (entry 3). A possible explanation for the low product yield is that the starting material or the product may have been destroyed during the reaction when excess amount (15 mol%) of DBH was used in the exothermic reaction and that 10 mol% DBH was sufficient to catalyze the reaction effectively. When we carried out the reaction in DBH at room temperature, the reaction proceeded very slowly to give very poor yields (entry 7). We then screened the reaction condition by DCH. Interestingly, almost similar yields were achieved when DCH was used as catalyst (entry 8). As shown in Table 1 , nearly no polyhydroquinoline could be detected in the absence of DBH (entry 9). Also, this reaction carried out in the presence of N-bromosuccinimide (NBS) as catalyst at 130 °C. The reaction proceeds in 40 min to give 82% yield (entry 10).
Using this optimized condition, a wide range aldehydes, ethylacetoacetate, 1,3-cyclic compound (dimedone or 1,3-cyclohexandione) and ammonium acetate were subjected to this procedure to afford the corresponding product in high to excellent yield (Table 2 ). The scope and generality of this fourcomponent coupling one-pot synthesis of polyhydroquinoline derivatives through Hantzsch reaction is illustrated with different aldehydes (Table 2 ). All the reactions proceeded efficiently within 25-50 minutes at 130 °C to provide the corresponding polyhydroquinoline derivatives in excellent yields ranging from 80% to 94%. This method has the ability to tolerate a variety of functional groups such as methoxy, methyl, nitro, hydroxyl, halides, etc, under the reaction conditions. Both, the electronrich and electron-deficient aldehydes as well as heterocyclic aldehyde worked well, loading to high yields of products. The structures of all the products were established from their spectral data.
After successfully synthesizing a series of polyhydroquinoline derivatives in excellent yields, we turned our attention towards the synthesis of 1,8-dioxodecahydroacridine derivatives via reaction with 2 equivalents of cyclic 1,3-dicarbonyl compounds (dimedone or 1,3-cyclichexadione), aldehydes and ammonium acetate (Scheme 1, Table 2 ). As expected, these substrates underwent smooth, one-pot conversion to give the corresponding 1,8-dioxodecahydroacridines 5s-z in good yields.
Regarding the mechanism of the reactions which are catalyzed by DBH or DCH [35], a plausible mechanism for the formation of polyhydroquinoline and 1,8-dioxodecahydroacridine derivatives is proposed in Scheme 2. According to this mechanism, polyhydroquinoline 4a-r may be formed either through steps I-III or through steps IV-VI. Also, the formation of 5s-z takes place through a Hantzsch-like mechanism via conjugate addition of the enamine intermediate (obtained from dimedone and ammonium acetate, step V) to the corresponding product (obtained from dimedone and aldehydes 1a-z, step I) followed by imino-enamino tautomerism and subsequent cyclization.
In order to show efficiency of this method, we compared the results of the DBH or DCH catalyzed synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridine derivatives with those of several catalysts that have been recently published in the literature. As shown in Table 3 , DBH or DCH, as a heterogeneous and green catalyst, is more efficient than most of the catalysts in terms of reaction time and yield are comparable to the others, which are not commercially available and must be synthesized.
Conclusion
In conclusion, we have demonstrated that DBH or DCH is a highly efficient catalyst for the synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridines derivatives under solventfree conditions and low catalyst loading. In addition moisture compatibility of the catalyst, good to excellent yields of products, short reaction time, ,simple environmental and isolation procedures make this methodology a valid contribution to the existing processes in the field of polyhydroquinoline and 1,8-dioxodecahydroacridines derivatives synthesis. The process does not require the use of any volatile organic solvent, tedious work-up, strongly acidic conditions, metal catalyst and thus, is a simple, cleaner, easy, environmentally-friendly and safety reaction.
Experimental
General IR spectra were recorded on a Shimadzu 435-U-04 spectrophotometer (KBr pellets). 1 H and 13 C NMR spectra were obtained using Bruker DRX-300 Avance spectrometer in DMSO-d 6 or CDCl 3 using TMS as an internal reference. Melting points were determined in open capillary tubes in a Stuart BI Branstead Electrothermal Cat No:IA9200 apparatus and uncorrected.
Typical Procedure for the Synthesis of Polyhydroquinoline and 1,8-Dioxodecahydroacridine Derivatives (i) Synthesis of Ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-chlorophenyl)5-(6H)-oxoquinoline-3-carboxylate (4b).
A mixture of 4-chlorobenzaldehyde (1b, 1mmol), dimedone (2, 1 mmol), ethyl acetoacetate (3, 1 mmol), ammonium acetate (1.2 mmol) and DBH or DCH (10 mol%) was heated on an oil bath at 130 °C for 30 min. Completion of the reaction was indicated by TLC (hexane:ethyl acetate, 2:1), after completion, appropriate amount of hot EtOH (96%) was added and the mixture stirred for 10 min. Then, the catalyst was separated by filtration. The filtrate was poured into crushed ice and the solid product, which separated was filtered and recrystallized from ethanol to get pure ethyl-1,4,7,8-tetrahydro-2,7,7-trimethyl-4-(4-chlorophenyl)5-(6H)-oxoquinoline-3-carboxylate (4b).
(ii) Synthesis of 3,3,6,6-Tetramethyl-9-(4-chloro-phenyl)-1,2,3,4, 5,6,7,8-octahydroacridine-1,8-dione (5t) . In a separate set of experiments, a mixture of 4-chlorobenzaldehyde (1b, 1mmol), dimedone (2, 1 mmol), ethyl acetoacetate (3, 1 mmol), ammonium acetate (1 mmol) and DBH or DCH (10 mol%) was added and the mixture was heated on an oil bath at 130 °C for 20 min. These reactions were all repeated exactly under same conditions described above. The results obtained are showed in Table 2 .
All the products are known, characterized by IR, NMR spectral analysis and compared with the authentic samples. Melting points of compounds are consistent with reported values.
Melting points for polyhydroquinoline and 1, 8-dioxodecahydroacridine derivatives: 4a, mp (200-202 [12] 
